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Overview

1.0 INTRODUCTION

The increased demand for communication, multimedia, and other consumer products has
created the need for high-volume, low-cost, multifunction DSP-based products that can
use fast Fourier transforms (FFTs) for their signal processing or data manipulation. This
book is the first to cover FFTs from algorithms to product testing, with the information
needed to create and convert to code FFT algorithms of any length on 10 different archi-
tectures. It uses a building-block approach for constructing the algorithms. Included are
recommended Memory Maps to streamline assembly and high-level language coding of 17
small-point FFTs, four general algorithms, and seven FFT algorithm examples. To ensure
that the algorithms work properly, a test approach for the detection and isolation of errors,
refined over many years of time consuming searches for mistakes in FFT algorithms, is
detailed.

Spreadsheet-style comparison matrices provide easy to use inventories of the com-
prehensive array of key FFT elements and performance measures. Dozens of digital signal
processing (DSP) chips and criteria for selecting DSP boards are covered. Four design
examples at the end of the book show how to apply most of what has been explained.

1.1 LAYING THE FOUNDATION

Chapters 2 and 3 provide the technical foundation and mathematical equations for the al-
gorithms in Chapters 8 and 9. The discrete Fourier transform (DFT) is an equation for
converting time domain data into its frequency components. The DFT equation is imple-
mented with FFT algorithms because they are computationally efficient Ways of calculating
it. All the properties and strengths of the DFT are shared by the wide variety of FFTs that
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have been developed over the years. However, only three of the five weaknesses of the DFT
are also weaknesses of FFT algorithms.

In the beginning of the design process, comparison of the uses and properties of the
DFT with the technical specifications of the application will determine if the DFT is a good
match. If so, then it makes sense to examine the FFT algorithms, hardware architectures,
arithmetic formats, and mappings in this book to decide which combination is best for a
specific design.

1.2 DESIGN DECISIONS

The decisions listed are the ones related to real-time FFT selection and implementation.
They are listed in an order which differs from the sequence of the chapters, because learning
the facts happens more easily in an order that is different from applying them.

• Choosing the number of dimensions (Chapters 5-7)
• Picking a type of processing (Chapters 5-7)
• Selecting the arithmetic format (Chapter 13)

• Deciding on a weighting function (Chapter 4)

• Determining the transform length (Chapter 5)
• Selecting algorithm building blocks (Chapter 8)

• Constructing the algorithm (Chapter 9)
• Choosing a chip (Chapter 14)
• Selecting the architecture (Chapters 10 and 11)

• Mapping the algorithm onto the architecture (Chapter 12)

• Selecting an off-the-shelf board (Chapter 15)
• Creating the test signal and procedures (Chapter 16)

1.2.1 Number of Dimensions

All multidimensional FFTs are done as a sequence of one-dimensional FFTs. The
importance of knowing how many dimensions (one, two, or three, usually) there are de-
termines how many FFTs will be needed and how the data must be organized to do the
multiple dimensions. This will affect chip processing load and the choice of architec-
ture.

1.2.2 Type of Processing

The type of processing (frequency analysis, convolution, or correlation) will also
affect the chip processing load. Frequency analysis requires one FFT for every group of
samples, while the other two types require an FFT and an inverse FFT for every group
of samples.

1.2.3 Arithmetic Format

The choice of fixed-point, floating-point, or block-floating-point arithmetic format
will affect the numerical accuracy of the results. Fixed-point DSP chips were the first
available and are generally less expensive than floating-point, because this arithmetic takes


